INTRODUCTION
Beginning in March 1979, the mutual coupling between a single, large, horizontal, loop source and several vertical axis sensor coils has been measured at approximately regular intervals in order to monitor changes in the subsurface resistivity at Kilauea volcano, Hawai"i that may be related to volcanic processes (Jackson and others, 1984). Because Kilauea inflates and deflates with a considerable amplitude of ground deformation and because the source and sensor loops are mounted in or on the ground, it is possible that the ground movement can also cause changes in the measured mutual coupling.
One purpose of this report is to calculate the magnitude of the change produced by physical movement of the sensor coil with respect to the source loop.
The second purpose of this report is to examine several aspects of mutual coupling changes produced by simple resistivity changes using two simple theoretical earth models.
First, changes in a horizontally-layered halfspace model show the effects of a laterally-uniform resistivity change within a limited depth interval.
Second, lateral changes in the conductance of a single thin sheet approximate the effects of a spatially-limited resistivity change within a limited depth interval.
The results of this modelling will aid interpretion of the changes in coupling reported by Jackson and others (1984).
The Effects of Coil Movement
Because the coils are either buried in the ground or are laid out on the ground surface, they move with the ground and with respect to each other as Kilauea volcano inflates and deflates through its normal eruption or intrusion cycle (see, for example, Jackson and others, 1975). The ground surface can translate as much as a meter vertically or horizontally and can tilt or rotate several hundred microradians.
It is important to estimate how large the changes in mutual coupling due to this movement might be.
The primary effects of vertical and lateral translation will be calculated from the spatial derivatives of the primary field @ of a vertical magnetic dipole (VMD) source. The secondary fields also vary spatially, but at a much slower rate so the change of the total field is almost wholly equal to the change in the primary field alone. In other words, if the ground movement changes the magnetic flux through the receiver coil, then a voltage will be generated in the coil by that movement.
The magnetic flux will be changed by oscillatory ground movement if 1) there is a rotational component to the motion, or 2) if there is a large enough magnetic field gradient (generated by the source loop or the earth's magnetic field) in the direction of movement.
For a given magnitude gradient, Faraday's law states that faster movement Mill produce larger voltage changes than slower movement.
Although mutual coupling changes induced by ground oscillation can be large, they will have only a small transient effect unless the oscillation is sustained at one of the monitored frequencies.
The electronics system used to measure the mutual coupling employs synchronous detection to achieve a very narrow pass band around each of the measured frequencies (Cooke and others, 1981> and oscillations at frequencies more than a fraction of a cycle/sec different from one of the monitored frequencies are almost completely filtered out. At worst, ground oscillations would produce transient fluctuations in the observed coupling and would be most likely averaged out.
The Effect of simple resistivity changes
The first model considered is that of a horizontally-layered halfspace where each layer is laterally homogeneous and uniform. Mutual coupling changes produced by resistivity changes in this model are estimated by computing two models, each with identical parameters except for the resistivity of one layer. The difference in coupling computed for the two models is taken to be the effect of the change in resistivity in the one layer.
The model parameters were taken from a least squares fit of the measured data at the Keanakako'i location (sounding number 25 in Kauahikaua and others, 1984>.
The model consists of 6 layers of approximately constant thickness and has the following parameters: More interesting than the magnitude of these changes are the shapes of the curves with respect to frequency.
The frequency at which maximum amplitude change occurs appears to be related to the depth of the resistivity change.
Low peak frequencies correspond to deeper resistivity changes.
The phase change curves are also shifted to lower frequencies for deeper changes. For example, resistivity changes in layers 2 and 3 produce the largest coupling changes at a peak frequency of 1O Hz or higher, while resistivity changes in layer 5 produce the largest coupling changes at about 1.6 Hz. Such characteristics might be used to identify depth confined but laterally unlimited resistivity changes using multi-frequency observations. For a multi sensor loop array, these maps might be overlain and used to locate a resistivity change using the coupling change magnitudes from two or more sensor loops. On the other hand, fairly small resistivity changes can cause measurable changes in the mutual coupling.
Conclusions
A major factor causing subsurface resistivity changes at Kilauea ic temperature (Kauahikaua, 1982). Below about 2OO degrees C, resistivity of water-saturated rocks decrease by an average of O.5 percent per degree C (the average rate is quoted here because the decrease is actually exponential).
Between approximately 2OO and 4OO degrees C, resistivity doesn't vary much with temperature change. Between 4OO and 6OO degrees C, resistivity increases by an average of O.5 percent per degree C.
Above 6OO degrees C, resistivity again decreases by an average O.5 percent per degree C.
The above average rates are graphically estimated from composite resistivity versus temperature curves in Kauahikaua and others (1984). They should only be used as an indicator of order of magnitude change within a given temperature range.
If we assume that the primary factor causing resistivity changes at Kilauea is temperature, then a 1 percent change in the mutual coupling can be produced by a 2.5 degrees C laterally uniform change in temperature between 16OO and 2O5O m depth or a laterally-limited temperature change of over 6O degrees within a 2 1O,OOO m area in the same depth range. Table II . Percent amplitude change versus log(frequency) is plotted in the upper graph while degree phase change versus log(frequency) is shown in the lower graph. 
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